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©  Semiconductor  memory  device. 
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©  A  semiconductor  memory  device  includes  a  plurality  of  memory  cells  each  having  a  bipolar  transistor  (Q2) 
whose  collector-emitter  voltage  VCe  is  controlled  according  to  the  base  potential  to  satisfy  the  condition  of  IBe  < 
ICb  when  the  forward  base  current  in  the  base-emitter  path  and  the  reverse  base  current  in  the  collector-base 
path  are  respectively  expressed  by  IBe  and  ICb  and  a  switching  element  (Q1)  connected  to  the  bipolar  transistor, 
word  lines  (WLn),  bit  lines  (BLn)  and  emitter  electrode  lines  (VEn)  connected  to  the  memory  cells,  and  functions 
as  a  dynamic  memory  cell  in  the  data  storing  operation  and  as  a  gain  memory  cell  in  the  readout  operation. 
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Semiconductor  memory  device 

This  invention  relates  to  a  semiconductor  memory  device  having  bipolar  transistors. 
Conventionally,  a  bipolar  transistor  has  been  used  as  a  current  amplifying  element  which  receives  a 

base  current  as  an  input  and  outputs  a  collector  current.  For  example,  when  a  positive  collector-emitter 
voltage  VCe  and  base-emitter  voltage  VBe  (VCe  >  VBe)  are  applied  to  an  NPN  bipolar  transistor,  a  collector 

5  current  b  takes  amplified  positive  values  with  respect  to  various  values  of  base-emitter  voltage  VBe,  and  in 
this  case,  base  current  lB  is  also  positive.  Since  the  conventional  bipolar  transistor  described  above  can  only 
perform  a  predetermined  operation,  the  application  field  of  this  type  of  bipolar  transistor  is  limited. 

An  object  of  this  invention  is  to  provide  a  semiconductor  memory  device  constituted  by  using  a  novel 
bipolar  transistor  which  can  permit  forward  and  reverse  base  currents  to  flow  depending  on  a  base  potential 

10  thereof. 
An  object  of  this  invention  is  to  provide  a  semiconductor  memory  device  having  a  bipolar  transistor  in 

which  collector-emitter  voltage  VCe  is  controlled  to  satisfy  IBe  <  Icb  depending  on  a  base  potential  thereof 
where  IBe  and  lCB  respectively  denote  a  forward  base  current  in  the  base-emitter  path  and  a  reverse  base 
current  in'  the  collector-base  path  and  which  is  connected  to  a  switching  element  and  further  having  a  word 

15  line,  bit  line  and  emitter  electrode  line,  and  functioning  as  a  dynamic  memory  cell  or  a  gain  memory  cell  in 
the  data  storing  mode  or  in  the  data  readout  mode,  respectively. 

According  to  this  invention,  there  is  provided  a  semiconductor  memory  device  comprising  a  memory 
cell  array  including  a  plurality  of  memory  cells  each  having  a  bipolar  transistor  whose  collector-emitter 
voltage  is  controlled  to  change  the  polarity  of  a  base  current  with  an  increase  in  a  base-emitter  voltage  and 

20  a  switching  transistor  connected  between  the  base  of  the  bipolar  transistor  and  a  bit  line  and  controlled  by 
means  of  a  word  line;  and  a  voltage-variable  element  for  varying  the  emitter  voltage  of  the  bipolar  transistor; 
wherein  the  voltage-variable  element  simultaneously  refreshes  at  least  part  of  the  memory  cells  or  all  of 
them  by  varying  the  emitter  voltage  of  each  memory  cell  so  as  to  set  the  PN  junction  between  the  base  and 
emitter  of  the  bipolar  transistor  of.  each  memory  cell  into  the  forward  bias  state  for  a  preset  period  of  time  at 

25  least  once  in  a  predetermined  cycle;  varies  the  emitter  voltage  of  the  bipolar  transistor  of  that  memory  cell 
which  is  selected  by  the  word  line  so  as  to  set  the  PN  junction  between  the  base  and  emitter  of  the  bipolar 
transistor  of  the  selected  memory  cell  into  the  forward  bias  state  in  the  same  manner  as  in  the  refresh 
operation  in  the  memory  cell  data  readout  mode,  thereby  causing  the  memory  cell  to  be  operated  as  a  gain 
ceil  by  utilizing  the  bipolar  transistor  characteristic  in  which  the  base  current  is  reversed  and  thus  effecting 

30  the  data  readout  operation;  and  varies  the  emitter  voltage  of  the  bipolar  transistor  of  each  memory  cell  so 
as  to  set  the  PN  junction  between  the  base  and  emitter  of  the  bipolar  transistor  of  the  memory  cell  into  the 
reverse  bias  state  in  the  stand-by  mode  other  than  the  readout  mode  in  the  refresh  operation. 

In  the  data  readout  mode,  a  reverse  base  current  ICb  in  the  collector-base  path  which  is  larger  than  a 
forward  base  current  lBE  in  the  base-emitter  path  can  be  caused  to  flow  according  to  variation  in  the  base 

35  potential  or  base-emitter  voltage  VBE  by  biasing  the  PN  junction  between  the  base  and  emitter  in  a  forward 
direction  to  set  the  collector-emitter  voltage  to  a  high  voltage  level,  so  that  the  potential  attained  in  the 
boundary  between  the  forward  and  reverse  base  currents  can  be  used  as  memory  information. 

Also,  in  the  refresh  operation,  the  magnitude  relation  between  the  forward  base  current  1Be  in  the  base- 
emitter  path  and  the  reverse  base  current  ICb  in  the  collector-base  path  can  be  determined  according  to  the 

40  value  of  the  base  potential  at  the  data  storing  node  of  the  memory  cell  or  the  base-emitter  voltage  VBe  by 
biasing  the  PN  junction  between  the  base  and  emitter  in  a  forward  direction  to  set  the  collector-emitter 
voltage  to  a  high  voltage  level,  and  the  positive  or  negative  base  node  is  discharged  or  charged  so  that  the 
base  potential  can  be  set  back  to  a  potential  corresponding  to  the  potential  attained  in  the  boundary 
between  the  forward  and  reverse  base  currents. 

45  This  invention  can  be  more  fully  understood  from  the  following  detailed  description  when  taken  in 
conjunction  with  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  circuit  diagram  of  a  semiconductor  device  using  a  bipolar  transistor  according  to  one 
embodiment  of  this  invention; 

Fig.  2  is  a  cross  sectional  view  of  the  bipolar  transistor; 
50  Fig.  3  is  a  graph  showing  an  impurity  profile  of  the  bipolar  transistor  shown  in  Fig.  2; 

Fig.  4  is  a  graph  showing  the  relation  between  the  base-emitter  voltage  and  the  collector  and  base 
currents  when  VCE  =  6.25  V; 

Fig.  5  is  a  graph  showing  the  relation  between  the  base-emitter  voltage  and  the  collector  and  base 
currents  when  VCe  =  5.75  V; 

Fig.  6  is  a  diagram  for  explaining  the  operation  principle  of  a  semiconductor  device; 
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Fig.  7  is  a  circuit  diagram  of  a  memory  cell; 
Fig.  8  is  an  operation  timing  chart  of  the  memory  cell  shown  in  Fig.  7; 
Fig.  9  is  a  circuit  diagram  of  another  memory  cell; 
Fig.  10  is  a  circuit  diagram  of  a  memory  cell  of  a  semiconductor  memory  device  according  to 

5  another  embodiment  of  this  invention; 
Fig.  11  is  an  operation  characteristic  diagram  of  a  bipolar  transistor; 
Figs.  12A  to  12D  are  memory  cell  diagrams  for  explaining  the  operation  of  the  memory  cell  shown  in 

Fig.  10; 
Figs.  13A  to  13D  are  diagrams  for  explaining  the  operation  of  a  memory  cell  according  to  another 

w  embodiment  of  this  invention  and  connected  to  a  word  line  and  an  emitter  electrode  selection  line; 
Figs.  14A  to  14C  are  views  showing  the  cross  sections  of  a  memory  cell  for  explaining  the  capacitive 

coupling  of  the  data  storing  node  and  showing  the  potential  at  each  portion  of  the  memory  cell; 
Fig.  15  is  a  diagram  showing  the  layout  of  a  memory  cell  array  and  a  peripheral  circuit; 
Figs.  16  and  17  are  clock  timing  diagrams  in  the  readout  mode  and  write-in  mode,  respectively; 

15  Fig.  18  is  a  timing  chart  of  the  memory  refresh  operation; 
Fig.  19  is  a  circuit  diagram  of  a  memory  device  in  which  a  word  line  decoder/driver  circuit  and  an 

emitter  electrode  line  decoder/driver  circuit  are  separated  from  each  other; 
Fig.  20  is  a  circuit  diagram  of  a  memory  device  in  which  a  shift  register  circuit  is  additionally 

provided  in  an  emitter  electrode  line  decoder/driver  circuit; 
20  Fig.  21  is  a  circuit  diagram  of  a  memory  cell  array  divided  into  a  plurality  of  memory  sub-arrays; 

Figs.  22A  and-22B  are  a  timing  chart  showing  the  timings  of  the  refresh  operation  and  a  diagram 
showing  binary  information; 

Fig.  23  is  a  block  diagram  of  the  semiconductor  memory  device  in  which  the  emitter  electrode  line 
and  the  word  line  are  arranged  in  parallel; 

25  Fig.  24  is  a  concrete  circuit  diagram  of  the  memory  cell  shown  in  Fig.  23; 
Fig.  25  is  a  block  diagram  of  a  semiconductor  memory  device  according  to  another  embodiment  of 

this  invention; 
Fig.  26  is  a  timing  chart  showing  the  timings  of  refreshing  the  memory  cell  of  Fig.  25;  and 
Fig.  27  is  a  circuit  diagram  of  the  memory  cell  array  shown  in  Fig.  25. 

30  Fig.  2  shows  the  construction  of  a  bipolar  transistor  used  in  this  invention,  and  in  the  bipolar  transistor, 
an  N+-type  buried  layer  22  for  lowering  the  collector  resistance  is  formed  in  the  surface  area  of  a  P~-type 
silicon  substrate  21.  Further,  a  P*-type  epitaxial  silicon  layer  23  is  formed  in  the  surface  area  of  a  P~-type 
silicon  substrate  21.  Phosphorus  is  doped  into  the  P*-type  epitaxial  silicon  layer  23  to  form  an  N-type  well 
24.  A  field  oxide  film  25  is  formed  on  the  surfaces  of  the  silicon  layer  23  and  the  N-type  well  24,  and  a 

35  collector  lead-out  layer  26  reaching  the  N+-type  buried  layer  22  is  formed  via  one  of  the  openings  formed  in 
the  field  oxide  film  25.  A  P~-type  base  region  27  is  formed  in  the  N-type  well  24  via  the  other  opening.  An 
N+-type  emitter  region  28  of  2  urn  x  5  urn  is  formed  in  part  of  the  P~-type  base  region  27  and  an  emitter 
poiycide  29  is  formed  on  the  emitter  region  28.  A  P  -type  layer  30  is  formed  in  self-alignment  with  the 
emitter  poiycide  29  in  the  P~-type  base  region  27,  and  an  N  -type  layer  31  is  formed  on  the  surface  of  the 

40  collector  lead-out  layer  26. 
The  semiconductor  structure  with  the  above  construction  is  covered  with  a  silicon  oxide  film  32,  and 

collector,  base  and  emitter  electrodes  35,  36  and  37  formed  of  an  Ti/TiN  film  33  and  Al-Si  34  disposed 
thereon  are  formed  in  contact  holes  formed  in  the  silicon  oxide  film  32. 

in  the  process  of  manufacturing  the  above  semiconductor  device,  Sb  is  thermally  diffused  into  the  P~- 
45  type  silicon  substrate  21  at  1250°C  for  25  minutes  in  an  SD2O3  atmosphere  so  as  to  form  the  N  -type 

buried  layer  22.  Next,  the  resultant  semiconductor  structure  is  processed  at  1150°  C  for  10  minutes  in  an 
SiH2Ci2  +  B2H6  atmosphere  so  as  to  grow  the  P~-type  epitaxial  silicon  layer  23.  After  this,  phosphorus  is 
ion-implanted  into  the  silicon  layer  23  with  an  acceleration  voltage  of  160  KeV  and  a  dose  amount  of  5  x 
1012  cm-2  and  subjected  to  a  heat  treatment  at  1100°  C  for  290  minutes  in  an  N2  atmosphere.  As  a  result, 

50  phosphorus  is  diffused  into  the  silicon  layer  23  to  form  the  N-type  well  24. 
Next,  the  field  oxide  film  25  is  formed  on  the  surface  of  the  resultant  semiconductor  structure  and  then 

phosphorus  (P+)  is  ion-implanted  into  the  N-type  well  24  to  form  the  N+-type  collector  lead-out  layer  26. 
After  this,  boron  (B+)  is  ion-implanted  into  the  N-type  well  24  with  an  acceleration  voltage  of  30  KeV  and  a 
dose  amount  of  5  x  1013  cm-2  form  the  P~-type  base  region  27.  Then,  a  thin  silicon  oxide  film  is  formed  on 

55  the  surface  of  the  resultant  semiconductor  structure,  an  opening  is  formed  in  the  silicon  oxide  film  and 
poiysilicon  is  deposited  to  a  thickness  of  500  A  on  the  base  region  27  via  the  opening.  Arsenic  (As  )  is  ion- 
implanted  into  the  poiysilicon  layer  with  an  acceleration  voltage  of  60  KeV  and  a  dose  amount  of  5  x  1015 
cm-2,  an  MoSi  film  is  deposited  on  the  surface  of  the  poiysilicon  layer  and  patterned  to  form  the  emitter 
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poiycide  29. 
Boron  (B  )  is  ion-implanted  into  the  base  region  27  to  form  the  P+-type  layer  30.  Further,  arsenic  (As+) 

is  ion-implanted  into  the  collector  lead-out  layer  26  to  form  the  N+-type  layer  31.  After  this,  the  silicon  oxide 
film  32  is  formed  on  the  surface  of  the  resultant  semiconductor  structure  obtained  in  the  above  step,  contact 

5  holes  are  formed  in  the  silicon  oxide  film  32,  and  the  Ti/TiN  film  33  is  formed  on  the  bottom  portion  of  the 
contact  holes.  The  Al-Si  layer  34  is  deposited  on  the  surface  of  the  resultant  semiconductor  structure  thus 
obtained,  and  is  then  patterned  to  form  the  collector,  base  and  emitter  electrodes  35,  36  and  37. 

The  impurity  profile  of  the  NPN  bipolar  transistor  of  the  semiconductor  device  thus  constructed  is 
shown  in  Fig.  3. 

10  The  emitter  is  formed  with  the  impurity  concentration  of  1.5  x  1020  cm-3  and  the  junction  depth  of  0.15 
urn  from  the  surface  of  the  P-type  epitaxial  silicon  layer  23,  the  base  is  formed  with  the  impurity 
concentration  of  3  x  1018  cm-3  and  the  junction  depth  of  0.3  urn,  and  the  collector  is  formed  with  the 
impurity  concentration  of  approx.  4  x  1020  cm-3  in  the  well  region. 

An  NPN  bipolar  transistor  circuit  shown  in  Fig.  1  can  be  obtained  by  using  the  semiconductor  device 
15  formed  in  the  above  manufacturing  condition.  When  the  base-emitter  voltage  and  collector-emitter  voltage 

are  respectively  set  to  VBE  and  VCE  in  this  circuit,  the  collector  current  lc  and  base  current  lB  vary  with 
respect  to  the  base-emitter  voltage  VBE  as  shown  in  Fig.  4. 

Referring  to  Fig.  4,  the  current  characteristic  obtained  when  the  collector-emitter  voltage  VCE  is  set  at 
6.25  V  is  shown.  A  positive  base  current  lB  flowing  from  the  positive  terminal  of  the  power  source  of  base- 

20  emitter  voltage  VBE  into  the  base  exhibits  the  characteristic  indicated  by  a  solid  line  in  a  case  where  0  V  < 
VBE  <  0.45  V,  a  negative  base  current  -lB  flowing  from  the  base  into  the  positive  terminal  of  the  power 
source  of  base-emitter  voltage  VBE  exhibits  the  characteristic  indicated  by  broken  lines  in  a  case  where  0.45 
V  <  VBE  <  0.87  V,  and  a  positive  base  current  lB  flowing  from  the  positive  terminal  of  the  power  source  of 
base-emitter  voltage  VBE  into  the  base  again  exhibits  the  characteristic  indicated  by  a  solid  line  in  a  case 

25  where  0.87  V<  VBE. 
Fig.  5  shows  the  collector  current  and  base  current  characteristics  obtained  when  the  collector-emitter 

voltage  is  set  at  5.75  V.  As  is  clearly  seen  from  Fig.  5,  the  range  of  the  base-emitter  voltage  VBE  in  which 
the  base  current  lB  is  set  to  be  negative  is  0.50  V  <  VBE  <  0.66  V. 

The  condition  in  which  the  above  negative  base  current  is  caused  to  flow  is  explained  with  reference  to 
30  Fig.  6. 

The  above  negative  current  is  caused  according  to  the  magnitude  relation  between  a  forward  base 
current  lBE  (since  it  flows  in  a  forward  direction,  it  is  denoted  by  lBF  in  Fig.  6)  flowing  from  the  base  into  the 
emitter  and  a  reverse  base  current  lCB  (since  it  flows  in  a  reverse  direction,  it  is  denoted  by  lBR  in  Fig.  6) 
caused  in  the  collector-base  path  by  carriers  generated  by  impact  ionization  in  the  PN  junction  between  the 

35  base  and  collector. 
That  is,  when  |  lBE  |  >  |  lCB  |  ,  the  base  current  becomes  the  positive  base  current  lB  as  is  observed  in 

the  ranges  of  0  V  <  VBE  <  0.45  V  and  0.45  V  <  VBE  <  0.87  V,  and  when  [  lBE  |  <  |  lCB  |  ,  the  base  current 
becomes  the  negative  base  current  -lB  as  is  observed  in  the  range  of  0.45  V  <  VBE  <  0.87  V. 

When  electrons  injected  from  the  emitter  are  moved  into  the  depletion  layer  of  the  base  and  collector 
40  junction,  the  electrons  cause  ionization  to  generate  electron-hole  pairs  since  the  collector  voltage  is  set  at  a 

high  voltage  level  in  an  avalanche  breakdown  direction.  The  thus  generated  electrons  and  holes  are 
respectively  drifted  to  the  collector  and  base  by  the  effect  of  the  electric  field  between  the  base  and 
collector.  The  holes  drifted  to  the  base  create  the  negative  base  current  IBr.  The  positive  base  current  lBF 
from  the  base  to  the  emitter  is  limited  by  a  fixed  base-emitter  voltage  VBE.  As  a  result,  when  lBR  is  larger 

45  than  IBF,  a  reverse  base  current  is  observed.  On  the  other  hand,  in  a  case  where  the  reverse  current 
appears,  the  generated  electrons  only  slightly  contribute  to  the  flow  of  the  collector  current  since  the 
electron  current  due  to  the  generated  electrons  is  smaller  than  the  injected  electron  current  from  the 
emitter.  This  condition  is  explained  by  using  equations. 

In  the  model  of  Ebers-Moll,  the  collector  current  lCo  and  base  current  lBF  in  an  normal  transistor  are 
so  expressed  by  the  following  equations  (1)  and  (2): 

55 
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ICO  =  aF  i E S C e x p C - ^ ^ ) - ! }   -  I c s ( e x p ( n ^ ) - 1 }  

• • •   ( 1 )  

IBF  =  ( 1 - a F )   i E S C e x p ( ^ ^ ) - l )  

+  ( 1 - a F )   I c s   {exp  ( -£ !£- )   -1}  . . .   ( 2 )  

where  lEs  denotes  a  reverse  saturation  current  in  the  emitter-base  junction,  lCs  denotes  a  reverse  saturation 
current  in  the  collector-base  junction,  aF  denotes  the  ratio  of  the  current  reaching  the  collector  to  the  entire 
current  flowing  across  the  emitter-base  junction,  and  aR  denotes  the  ratio  of  the  current  reaching  the 
emitter  to  the  entire  current  flowing  across  the  emitter-base  junction.  Further,  k  denotes  the  Boltzmann 

75  constant,  T  denotes  the  absolute  temperature,  and  q  denotes  the  charge  amount.  In  a  case  where  the 
collector-base  voltage  VCE  is  high  and  impact  ionization  in  the  base-collector  PN  junction  cannot  be 
neglected,  the  collector  current  lc  is  expressed  by  the  following  equation: 
lc  =  MIC0  (3) 

M  "  
l - ( V C B / B V c B O ) n   '  "   ( 4 )  

In  this  case,  lCo  denotes  the  collector  current  in  a  case  where  the  impact  ionization  is  neglected,  n 
denotes  a  coefficient,  and  BVCbo  denotes  a  withstanding  voltage  between  the  base  and  collector  when  the 
emitter  is  open-circuited. 

As  shown  in  Fig.  6,  holes  generated  by  impact  ionization  are  moved  into  the  base  by  the  effect  of  an 
electric  field  so  as  to  produce  a  reverse  base  current  IBr. 

As  a  result,  IBr  can  be  obtained  by  the  following  equation: 
Ibr  =  (M-1)lCo  (5) 

That  is,  the  base  current  lB  can  be  expressed  by  a  difference  between  the  forward  base  current  lBF  and 
the  reverse  base  current  lBR  as  shown  in  the  following  equation: 
lB  =  lBF-  lBR  =  lBF  -  (M-1)lco 
=  {1  -  (M-1)  hFE}  lBF  (6) 

The  emitter  current  lE  can  be  expressed  by  lE  =  lco  +  lBE-  In  this  case,  hFE  denotes  a  current  gain  (hFE 
=  Icc/'bf)- 

The  operation  can  be  applied  not  only  to  the  NPN  bipolar  transistor  but  also  to  a  PNP  bipolar  transistor. 
When  a  capacitive  load  is  connected  between  the  base  and  emitter  as  described  in  the  case  of 

explaining  the  operation  of  the  bipolar  transistor  circuit  shown  in  Fig.  1  with  reference  to  Figs.  4  and  5, 
charges  stored  on  the  load  flow  out  from  the  base  to  the  emitter  in  a  case  where  the  base  voltage  VBE  is  set 
in  the  range  of  OV  <  VBE  <  0.45  V  so  that  the  voltage  VBE  across  the  load  can  be  lowered  and  will  approach 
0  V.  On  the  other  hand,  charges  are  stored  on  the  load  by  the  reverse  base  current  when  the  base  voltage 
VBE  is  set  in  the  range  of  0.45  V  <  VBE  <  0.87  V  so  that  the  voltage  VBE  across  the  load  can  be  raised  and 
will  approach  0.87  V.  Further,  since  a  positive  base  current  flows  out  from  the  base  to  the  emitter  when  the 
base  voltage  VBE  is  set  in  the  range  of  0.87  V  <  VBE,  the  voltage  VBE  across  the  load  can  be  lowered  and 
will  also  approach  0.87  V.  As  described  above,  VBE  may  be  held  at  0  V  or  0.87  V  and  thus  a  voltage  with 
self-amplification  function  can  be  held. 

Fig.  7  shows  a  voltage  holding  circuit  having  the  above  voltage  holding  function. 
In  the  above  circuit  of  Fig.  7,  an  n-channel  MOS  transistor  Q1  is  used  as  a  switching  element,  and  the 

drain  or  source  of  the  transistor  is  connected  to  the  base  of  an  NPN  bipolar  transistor  Q2.  The  gate  of  the 
MOS  transistor  Q1  is  supplied  with  a  clock  4>A  and  the  source  or  drain  thereof  is  supplied  with  a  clock  <|>B. 
In  this  circuit,  the  capacitive  load  is  formed  of  a  junction  capacitor  between  the  base  and  emitter  and  a 
junction  capacitor  between  the  collector  and  base. 

Fig.  8  shows  the  control  clock  4>A  and  input  clock  <#>B  of  the  MOS  transistor  Q1  and  the  voltage  level  of 
an  output  terminal  provided  at  a  node  between  the  MOS  transistor  Q1  and  bipolar  transistor  Q2.  In  this 
case,  VH,  Vp  and  VL  respectively  indicate  0.87  V,  0.45  V  and  0  V. 

In  the  circuit  of  Fig.  7,  when  the  clock  <j>A  is  set  to  a  high  level,  the  MOS  transistor  Q1  is  turned  on.  At 
this  time,  4>B  >  VH  (0.87  V)  is  supplied  to  the  base  of  the  bipolar  transistor  Q2,  thereby  charging  the 

5 



EP  0  393  863  A2 

capacitive  load  to  a  voltage  level  higher  than  VH.  After  this,  when  the  clock  <j>A  is  set  to  a  low  level  to  turn 
off  the  MOS  transistor  Q1  ,  the  voltage  higher  than  VH  charged  on  the  capacitive  load  and  applied  to  the 
base  is  discharged  via  the  base-emitter  path  of  the  transistor  Q2,  that  is,  a  positive  base  current  flows  into 
the  base,  thereby  holding  the  base  voltage  at  0.87  V.  Next,  when  the  clock  </>B  in  the  range  of  0.45  V  <  </>B 

5  <  0.87  V  is  applied  to  the  base,  a  negative  base  current  flows  into  the  capacitive  load  via  the  collector-base 
path  of  the  transistor  Q2  so  that  an  output  voltage  or  the  base  voltage  can  be  raised  and  set  to  0.87  V. 
When  4>A  (<0.45  V)  is  applied  to  the  base  of  the  transistor  Q2  via  the  MOS  transistor  Q1  ,  a  positive  base 
current  flows  out  via  the  base-emitter  path  to  set  the  base  voltage  to  0  V.  That  is,  in  the  case  of  <j>A  >  0.45 
V,  the  boundary  potential  of  0.87  V  is  held,  and  in  the  case  of  <j>A  <  0.45  V,  0  V  is  held. 

70  In  the  circuit  of  Fig.  7,  the  connection  node  between  the  MOS  transistor  Q1  and  bipolar  transistor  Q2  is 
used  as  the  output  terminal.  However,  the  input  terminal  of  the  clock  </>B  can  be  used  as  the  output  terminal 
by  setting  the  MOS  transistor  Q1  into  the  conductive  state  after  the  voltage  holding  operation. 

Fig.  9  shows  a  circuit  having  a  capacitive  element  C  such  as  a  MOS  capacitor  connected  to  the  circuit 
of  Fig.  7  in  addition  to  the  bipolar  transistor  Q2.  In  the  circuit  of  Fig.  9,  the  charging  and  discharging 

75  operation  via  the  base  is  positively  effected  by  means  of  the  capacitive  element  C.  In  this  case,  the  input 
terminal  of  the  clock  </>B  is  used  as  the  output  terminal,  but  the  output  terminal  can  be  provided  at  the 
connection  node  between  the  base  of  the  transistor  Q2  and  the  transistor  Q1  . 

The  memory  is  constructed  by  a  bipolar  transistor  having  the  above-described  voltage  holding  function. 
In  this  case,  the  collector  voltage  applied  to  the  bipolar  transistor  can  be  changed  in  the  voltage  holding 

20  mode  or  data  holding  mode  and  in  the  charging  and  discharging  mode  or  write-in  or  readout  mode.  The 
voltage  changing  operation  is  described  below. 

In  the  circuit  of  Fig.  1  ,  the  low  and  high  levels  of  the  base-emitter  voltage  VBe  are  respectively  set  at  0 
V  and  0.87  V  when  the  voltage  VCe  =  6.25  V  as  shown  in  Fig.  4.  When  the  collector-emitter  voltage  VCE  is 
set  at  0.25  V  and  the  voltage  VBE  is  held  at  the  high  level,  a  collector  current  lc  of  1.5  x  10"*  A  always 

25  flows  into  the  memory  cell.  However,  as  shown  in  Fig.  5,  when  the  voltage  VCe  =  5.75  V,  the  high  level 
thereof  is  set  at  0.66  V  and  the  collector  current  lc  is  set  to  5  x  10-6  A.  That  is,  when  the  voltage  VCE  = 
5.75  V,  the  collector  current  lc  is  reduced  to  1/30  of  that  set  in  the  case  of  VCE  =  6.25  V.  In  other  words, 
the  power  consumption  of  the  memory  cell  can  be  reduced.  However,  if  data  is  read  out  in  the  case  of  VCe 
=  5.75  V,  the  high  voltage  level  in  the  memory  cell  may  be  frequently  set  to  be  lower  than  0.50  V  by  noise 

30  caused  at  the  rising  and  falling  times  of  the  word  line  voltage  and  by  the  operation  of  charging  the  capacitor 
of  the  bit  line,  thus  increasing  the  possibility  that  the  base-emitter  voltage  VBE  may  be  lowered  to  0  V  by  the 
forward  base  current.  That  is,  only  the  noise  margin  of  0.66  V  -  0.50  V  =  0.16  V  can  be  obtained.  However, 
if  data  is  read  out  in  the  case  of  VCE  =  6.25  V,  the  noise  margin  becomes  as  large  as  0.87  V  -  0.45  V  = 
0.42  V  so  that  the  possibility  that  the  high  voltage  level  is  lowered  to  a  low  level  in  the  data  readout  mode 

35  can  be  reduced.  Therefore,  when  cell  data  is  read  out,  the  erroneous  operation  of  the  memory  cell  can  be 
prevented  by  setting  the  collector  potential  higher  in  the  readout  mode  than  in  the  data  holding  mode. 

In  the  memory  cell  of  Fig.  10,  the  source  or  drain  of  the  MOS  transistor  Q1  used  as  the  switching 
element  is  connected  to  the  base  of  the  bipolar  transistor  Q2.  In  this  example,  a  p-channel  (or  n-channel) 
MOS  transistor  is  used  as  the  transistor  Q1  and  an  NPN  transistor  is  used  as  the  transistor  Q2.  The 

40  collector-emitter  voltage  of  the  transistor  is  set  so  that  the  polarity  of  the  base  current  can  be  changed  as 
the  base-emitter  voltage  is  increased. 

The  gate  of  the  MOS  transistor  Q1  is  connected  to  a  word  line  WLn  and  the  drain  or  source  thereof  is 
connected  to  a  bit  line  BLn.  The  connection  node  between  the  transistors  Q1  and  Q2  is  a  storing  node  S  of 
the  memory  cell,  a  storage  capacitance  Cs  =  CBE  +  CBC  (where  CBE  is  a  junction  capacitance  between  the 

45  base  and  emitter  of  the  transistor  Q2  and  CBE  is  a  junction  capacitance  between  the  base  and  collector)  is 
present.  In  addition  to  the  capacitor  Cs,  a  capacitive  element  C1  such  as  a  MOS  capacitor  can  be  provided. 
When  the  capacitor  element  C1  is  provided,  the  other  end  thereof  is  set  at  an  adequate  plate  potential  or 
substrate  or  well  potential. 

Fig.  11  shows  the  operational  characteristic  of  the  bipolar  transistor  representing  the  data  storage  state 
50  on  the  storage  node  S  in  Fig.  10  or  the  relation  between  the  base-emitter  voltage  and  the  base  current.  The 

boundary  potential  VBE1  on  the  high-level  side  of  the  positive  and  negative  base  currents  indicates  a  "1  " 
storing  state  and  VBEo  indicates  a  "0"  storing  state. 

Figs.  12A  to  12D  show  the  operating  states  of  the  memory  cell  of  Fig.  10.  In  the  memory  cell,  a  PMOS 
is  used  as  a  transfer  gate  and  an  NPN  transistor  is  used  as  the  bipolar  transistor.  Figs.  12A  and  12B 

55  indicate  the  states  in  which  data  "0"  and  "1  "  are  stored  on  the  storage  node  S  of  the  memory  cell,  and  the 
potential  Vs  at  the  storage  node  S  is  set  at  1  V  and  2  V  in  the  respective  states.  In  this  case,  since  the 
base-collector  junction  and  base-emitter  junction  of  the  bipolar  transistor  are  biased  in  a  reverse  direction, 
the  base  (storage  node  S)  of  the  bipolar  transistor  is  set  into  the  electrically  floating  condition.  Therefore, 
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charges  stored  on  the  storage  node  S  (or  charges  stored  on  the  base-collector  junction  capacitor  and  the 
base-emitter  junction  capacitor)  are  held  according  to  a  holding  characteristic  in  the  same  manner  as  in  a 
DRAM.  However,  the  refresh  operation  of  the  memory  cell  is  different  from  that  of  the  DRAM  in  that  a 
positive  or  negative  base  current  is  caused  according  to  the  base  potential  of  the  data  storage  node  or  the 

5  level  of  the  base-emitter  voltage  by  changing  the  emitter  potential  to  set  the  PN  junction  between  the  base 
and  emitter  of  the  bipolar  transistor  of  the  memory  cell  into  the  forward  bias  condition  in  the  refreshing 
operation  and  thus  the  memory  cell  data  can  be  refreshed  by  the  positive  or  negative  base  current.  The 
function  is  the  same  as  the  self-amplification  function  of  an  SRAM  cell  constituted  by  a  flip-flop,  and  each 
memory  cell  constituted  by  one  MOS  transistor  and  one  bipolar  transistor  has  the  same  amplification 

io  function  as  a  sense  amplifier  of  the  DRAM.  Since  each  memory  cell  has  the  self-amplification  function  as 
described  above,  it  becomes  unnecessary  to  set  the  refresh  cycle  separately  from  the  access  cycle  unlike 
the  DRAM,  and  the  refresh  operation  can  be  effected  independently  from  the  access  cycle.  Therefore, 
unlike  the  DRAM,  dead  time  caused  by  the  refresh  cycle  which  cannot  be  accessed  by  the  CPU  is  not 
present  in  a  semiconductor  memory  device  using  the  memory  cell  with  the  above-described  construction. 

75  Thus,  the  semiconductor  memory  device  itself  needs  the  refresh  operation,  but  the  user  can  use  the 
semiconductor  memory  device  in  the  same  manner  as  an  SRAM.  The  duty  ratio  (ratio  of  the  refresh  period 
to  the  refresh  period  +  floating  period)  for  the  refresh  operation  of  the  memory  cell  may  be  determined 
according  to  the  data  holding  characteristic  of  the  memory  cell.  For  example,  in  a  case  where  a  through 
current  flowing  in  the  collector-emitter  path  when  data  "1  "  is  held  in  the  memory  cell  is  2.5  u.A/cell,  the 

20  average  through  current  will  be  2.5  A  if  the  emitter  potential  is  not  clocked  in  a  1-Mbit  semiconductor 
memory  device  constructed  by  using  the  above  memory  cells.  However,  when  the  emitter  is  clocked  as  in 
this  invention  and  if  the  duty  ratio  is  set  at  1/100,  the  average  through  current  may  be  significantly  reduced 
to  25  mA. 

The  readout  condition  of  the  memory  cell  is  shown  in  Figs.  12C  and  12D.  When  the  potential  of  a  word 
25  line  WLn  is  changed  from  5  V  to  0  V  to  select  the  word  line,  the  emitter  potential  VEn  of  a  cell  selected  by 

the  selected  word  line  is  changed  from  3  V  to  1  V.  As  a  result,  the  base-emitter  junction  of  the  bipolar 
transistor  is  biased  in  the  forward  direction  to  set  the  bipolar  transistor  active.  When  the  collector-emitter 
voltage  VCE  is  set  to  be  equal  to  a  voltage  which  causes  the  reverse  base  current  characteristic,  for 
example,  to  a  voltage  as  high  as  4  V  (5  V  -  1V),  the  base  current  lB  shown  in  Fig.  11  flows  according  to  the 

30  base-emitter  voltage. 
That  is,  as  shown  in  Fig.  12C,  when  Vs  =  1  V  and  VEn  =  1  V,  that  is,  when  the  base-emitter  voltage  is 

0  V  (VBEo).  the  base  current  is  set  to  substantially  0  and  no  fluctuation  occurs  in  the  potential  of  the  bit  line 
BLn.  On  the  other  hand,  as  shown  in  Fig.  12D,  when  Vs  =  2  V  and  VEn  =  1  V,  that  is,  when  the  base-emitter 
voltage  is  1  V  (VBE-i),  a  reverse  base  current  flows  from  the  base  to  the  collector  of  the  bipolar  transistor 

35  since  the  bit  line  potential  BLn  is  as  low  as  1  V  with  respect  to  the  potential  Vs  =  2  V  of  the  storage  node  S 
in  the  initial  period  of  the  readout  operation,  and  the  reverse  base  current  flows  into  the  bit  line  BLn  via  the 
transfer  gate,  thereby  raising  the  bit  line  potential  and  set  the  same  to  2  V  which  is  equal  to  Vs. 

In  the  write-in  operation,  BLn  is  set  to  1  V  or  2  V  for  writing  data  "0"  or  "1",  respectively,  the  potential 
of  the  word  line  WLn  is  set  to  0  V,  and  the  emitter  voltage  VEn  is  set  to  1  V.  When  the  readout  or  write-in 

40  operation  is  completed,  the  word  line  potential  and  the  emitter  voltage  are  again  set  to  the  initial  levels,  that 
is,  WLn  =  5  V  and  VEn  =  3  V  are  set.  In  this  way,  in  the  memory  cell  of  this  invention,  the  capacitor 
connected  to  the  storage  node  is  set  into  the  electrically  floating  condition  in  the  data  storing  state  so  as  to 
store  data  in  the  same  manner  as  in  the  DRAM.  On  the  other  hand,  in  the  readout  operation,  the  bipolar 
transistor  is  activated,  and  particularly,  it  is  operated  as  a  gain  cell  in  the  data  "1"  readout  operation.  In 

45  order  to  set  the  electrically  floating  condition,  the  base  and  the  emitter  may  be  isolated  from  each  other  and 
the  emitter  may  be  cut  off  in  an  extreme  case. 

This  invention  can  also  be  effectively  applied  even  when  the  emitter  potential  (VEn)  is  kept  constant  in 
the  write-in  operation  and  is  changed  only  in  the  readout  operation.  Further,  it  is  not  necessary  to  change 
the  emitter  potential  at  the  same  time  as  the  word  line  potential  is  changed,  and  this  invention  can  be 

so  effectively  applied  when  the  emitter  potential  is  changed  before  or  after  the  word  line  potential  is  changed. 
An  electrostatic  capacitor  may  be  used  in  addition  to  the  base-collector  junction  capacitor  and  the  base- 

emitter  junction  capacitor  as  the  capacitor  of  the  storage  node  S.  This  invention  can  also  be  effectively 
applied  when  a  trenched  capacitor  or  stacked  capacitor  which  is  used  in  the  present  DRAM  is  used  as  the 
electrostatic  capacitor.  The  capacitance  of  the  capacitor  to  be  added  may  be  determined  according  to  the 

55  soft  error  rate. 
According  to  the  memory  cell  shown  in  Figs.  13A  to  13D,  the  word  line  WLn  and  emitter  are  connected 

together  and  are  applied  with  the  same  voltage.  That  is,  WLn  =  VEn  =  5  V.  In  the  state  shown  in  Fig.  13A, 
Vs  =  0  V  and  VEn  =  5  V,  and  data  "0"  is  stored  in  this  state.  In  the  state  shown  in  Fig.  13D,  Vs  =  1  V  and 
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VEn  =  5  V,  and  data  "1  "  is  stored  in  this  state.  In  the  data  readout  operation,  the  potential  of  the  word  line 
WLn  and  the  emitter  voltage  VEn  are  set  to  0  V.  At  this  time,  a  voltage  which  causes  the  reverse  current 
characteristic  or  a  voltage  of  5  V  (Vc-VEn:  5  V  -  0  V)  is  applied  between  the  base  and  the  emitter,  and  a 
base  current  flows  according  to  the  base-emitter  voltage  as  shown  in  Fig.  11.  In  the  case  shown  in  Fig.  13C, 

5  since  the  base-emitter  voltage  is  0  V,  the  base  current  is  substantially  equal  to  0  and  the  potential  of  the  bit 
line  BLn  will  not  vary.  That  is,  data  "0"  is  read  out.  In  contrast,  in  the  case  of  Fig.  13D,  since  the  base- 
emitter  voltage  is  1  V  and  the  potential  of  the  bit  line  BLn  is  as  low  as  1  V  with  respect  to  the  potential  Vs  of 
the  storage  node  S,  a  reverse  base  current  flows  from  the  collector  to  the  base  of  the  bipolar  transistor  and 
then  flows  into  the  bit  line  BLn  via  the  transfer  gate,  thereby  raising  the  bit  line  potential  and  setting  the 

<o  same  to  1  V  which  is  equal  to  Vs.  At  this  time,  data  "1  "  is  read  out. 
In  the  above  embodiment,  the  threshold  voltage  of  the  transfer  gate  can  be  designed  to  be  higher  than 

0  V. 
Figs.  14A  to  14C  are  diagrams  showing  the  potential  VCEU.  of  the  storage  node  S.  Assuming  that  the 

potential  amplitude  of  the  emitter  electrode  line  in  the  memory  cell  selection  mode/non-selection  mode  is 
is  AVE,  the  potential  of  the  storage  node  S  is  deflected  by  AVCELL  by  capacitive  coupling.  The  amplitude  of  the 

potential  deflection  can  be  determined  based  on  the  base-emitter  junction  capacitance  CBE,  base-collector 
junction  capacitance  CBc  (other  capacitances  are  neglected)  and  AVE  as  follows: 

CBE 
a v c e l l   =  cBC  +  cBE  a v e  

Therefore,  the  base-emitter  path  is  biased  in  the  reverse  direction  at  the  time  of  non-selection  ot  the 
memory  cell,  and  the  condition  in  which  the  storage  node  S  is  set  into  the  electrically  floating  state  can  be 

25  expressed  as  follows: 
AVE  >  AVCELL  +  VBE1 

As  a  result,  the  following  expression  can  be  obtained: 

Cbc  +  C b e  
3o  ave   >  —   cbc   —   *Vbe1  

Fig.  15  shows  the  layout  of  the  memory  cell  array  and  a  peripheral  circuit  thereof.  In  Fig.  15,  a 
reference  symbol  M/C  denotes  the  memory  cell  shown  in  Figs  1,  and  N  x  N  =  N2  memory  cells  are 

35  arranged.  In  this  example,  the  memory  area  is  divided  into  a  plurality  of  blocks  each  having  N  memory  cells 
in  a  row  direction  and  M  memory  cells  in  a  column  direction.  Bit  lines  BL1  to  BLM,  —  ,  BL(N-M  +  1)  to  BLN 
are  respectively  connected  to  sub-l/O  lines  (pre  I/O  1  to  pre  I/O  N/M)  which  are  each  provided  for  each 
block  via  transfer  gates  such  as  n-channel  MOS  transistors  T1  whose  conduction  states  are  controlled  by 
respective  column  selection  signals  CSL1  to  CSLM,  —  ,  CSL(N-M  +  1)  to  CSLN.  Further,  sub-l/O  sense 

40  amplifiers  (pre  I/O  S/A)  are  each  provided  for  each  block.  l 
In  this  embodiment,  a  dummy  cell  D/C  which  is  connected  to  a  corresponding  one  of  bit  lines  BLM  to 

BLTfand  is  controlled  by  a  dummy  word  line  DWL  is  provided  in  each  block,  and  is  connected  to  a 
corresponding  one  of  sub-170-  lines  (pre  I/O-  1,  —  ,  pre  I/O-  N/M)  which  are  arranged  in  parallel  with  the 
respective  sub-l/O  lines  in  the  same  manner  as  the  memory  cells  M/C  are  connected. 

45  Emitter  electrode  selection  lines  are  arranged  in  parallel  with  the  respective  word  lines,  and  the  word 
lines  and  emitter  electrode  selection  lines  are  connected  to  a  decoder. 

The  sub-l/O  sense  amplifier  in  each  block  is  connected  to  the  sub-l/O  and  1/Olines,  and  the  amplified 
potentials  of  the  sub-l/O  and  i/Ol'ines  are  transmitted  to  corresponding  input/output  lines  I/O  and  I/O-  via 
transfer  gates  such  as  n-channel  MOS  transistors  T2  whose  conduction  states  are  controlled  by  column 

so  selection  signals  CSL  m'd,  —  ,  CSL  n'd. 
The  I/O  and  170~~lines  are  connected  to  a  data  input  (DIN)  buffer  circuit  and  a  main-l/O  sense  amplifier 

(I/O  S/A).  An  output  of  the  main-l/O  sense  amplifier  is  output  from  a  Dout  pin  via  a  data  output  (Dout)  buffer 
circuit. 

The  above  semiconductor  memory  has  active  and  precharge  states  which  are  selectively  set  by  a  row 
55  address  strobe  RAS  (or  chip  select  CS  ). 

Next,  a  case  wherein  the  chip  operation  is  basically  determined  by  a  1-pin  control  signal  is  explained.  In 
this  case,  the  address  multiplex  system  in  which  the  row  and  column  addresses  are  received  in  a  time 
sharing  fashion  by  RAS  and  CAS  in  the  same  manner  as  in  the  conventional  DRAM. 
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First,  referring  to  Fig.  16,  the  readout  operation  is  explained.  In  the  precharge  state  in  which  RAS  is  set 
at  a  "H"  level,  the  MOS  transistor  Q1  of  the  memory  cell  M/C  is  turned  off  by  setting  the  word  line  WLn 
(n  =  1,  —  ,  N)  to  the  "H"  level.  The  bit  lines  BL1  to  BLM,  —  ,  BL(N-M  +  1)  to  BLN,  BLM  to  BLhfand  the  sub- 
l/O  and  FOlines  (pre  I/O  1  to  pre  I/O  N/M,  pre  17CT1  to  pre  i70~N/M)  are  precharged  to  the  VP  potential,  in 

5  this  case,  the  VP  potential  is  set  to  a  potential  lower  than  a  potential  of  the  node  S  set  when  the  "H"  level  is 
stored  in  the  memory  cell  shown  in  Fig.  10.  In  this  embodiment,  the  VP  potential  is  set  to  a  low  potential  of 
the  node  S  set  when  "L"  is  stored. 

Next,  when  RAS  is  set  to  the  "L"  level  and  an  address  is  received,  for  example,  in  a  case  where  a 
memory  cell  A  shown  in  Fig.  15  is  selected,  the  word  line  WL1  and  column  selection  line  CSLM  are 

70  activated.  At  the  same  time,  the  emitter  electrode  selection  line  VE1  is  also  activated.  In  a  case  where  data 
"1"  is  stored  in  the  memory  cell,  the  potential  of  the  bit  line  BLM  is  raised  from  the  potential  Vp  to  the 
potential  Vs  of  the  storage  node  S. 

A  difference  between  the  potentials  Vs  and  Vp,  that  is,  a  potential  difference  AV(  =  Vs-Vp)  is  amplified 
by  the  sub-l/O  sense  amplifier.  A  dynamic  type  sense  amplifier  or  differential  amplifier  can  be  used  as  the 

75  sub-I/O  sense  amplifier  (pre  I/O  S/A).  Further,  it  is  possible  to  use  an  unbalanced  type  sense  amplifier 
capable  of  sensing  only  data  "1".  In  this  case,  the  dummy  cell  is  not  necessary.  The  timing  chart  of  Fig.  15 
shows  a  case  wherein  dummy  cells  are  not  used  and  the  pre  I/O  sense  amplifier  is  constructed  by  an 
unbalanced  type  sense  amplifier. 

Next,  CSLM  D  is  raised,  data  is  transferred  to  the  I/O  and  I/O  lines,  the  main  sense  amplifier  (I/O  S/A) 
20  connected  to  the  I/O  and  l70~lines  is  activated,  and  data  is  output  from  the  Dout  buffer.  That  is,  data  is  read 

out. 
Fig.  17  shows  a  timing  chart  of  the  data  write-in  operation.  In  the  data  write-in  operation,  RAS  and  WE 

are  set  to  the  "L"  level  so  as  to  cause  a  preset  potential  to  be  transmitted  from  the  DIN  buffer  via  the  I/O 
line,  pre  I/O  line  and  bit  line  BLM  and  written  into  a  memory  cell  (for  example,  the  memory  cell  A  in  Fig.  15) 

25  selected  by  means  of  the  word  line.  In  this  case,  the  current  supplying  capacity  of  the  DIN  buffer  is  set  to 
be  larger  than  the  base  current  lB  which  is  permitted  to  flow  in  the  NPN  transistor  of  the  memory  cell,  and 
"Vbei  +  VCell"  or  "VBeo  +  AVGell"  is  forcedly  written  into  the  storage  node  S  in  the  case  of  writing  data 
"1"  or  "0",  respectively.  In  the  write-in  operation  shown  in  Fig.  17,  the  potential  (VE-i)  of  the  emitter 
electrode  selection  line  is  kept  constant. 

30  Fig.  18  shows  a  timing  chart  of  the  memory  cell  refresh  operation.  In  the  refresh  operation,  a  refresh 
control  signal  REF  which  is  independent  from  a  chip  select  signal  may  be  supplied  from  the  exterior  of  the 
chip.  When  the  control  signal  REF  is  set  to  the  "L"  level  and  an  address  is  input,  only  the  emitter  electrode 
line  is  selected  with  the  word  line  kept  in  the  non-selected  state  so  as  to  change  the  potential  of  the  emitter 
electrode  line  from  the  "H"  to  the  "L"  level.  The  address  may  be  an  external  address  signal  (ext.  Add)  input 

35  from  the  exterior  of  the  chip,  or  an  internal  address  signal  (int.  Add)  exclusively  used  for  the  refresh 
operation  and  output  from  an  address  counter  in  the  chip  can  be  used.  In  this  case,  a  shift  register  may  be 
further  provided  in  the  emitter  electrode  line  decoder  in  addition  to  the  address  counter  so  as  to  generate 
continuous  addresses  at  a  high  speed. 

A  CAS  -before-RAS  mode  (a  mode  which  is  exclusively  used  for  the  refresh  operation  and  in  which 
40  CAS  is  changed  from  "H"  to  "L"  before  RAS  )  used  in  the  conventional  DRAM  can  be  used  instead  of  the 

control  signal  REF  supplied  from  the  exterior  of  the  chip.  Further,  it  is  possible  to  provide  an  auto-refresh 
timer  circuit  in  the  chip  and  automatically  start  the  refresh  operation  when  a  preset  period  of  time  has 
passed. 

Fig.  19  shows  a  memory  device  in  which  the  decoder  is  divided  into  an  emitter  electrode  line 
45  decoder/driver  circuit  and  a  word  line  decoder/driver  circuit.  With  this  memory  device,  in  the  refresh 

operation,  a  plurality  of  emitter  electrode  lines  VE0  to  VEN  which  intersect  the  bit  lines  BL0  to  BLM  can  be 
simultaneously  selected.  The  simultaneous  refresh  operation  is  called  flash  refresh. 

Further,  since  the  decoder  is  divided  into  the  emitter  electrode  line  decoder/driver  circuit  and  the  word 
line  decoder/driver  circuit,  the  emitter  electrode  line  can  be  selected  before  the  word  line  in  the  readout 

so  operation.  In  this  case,  a  plurality  of  word  lines  and  one  emitter  electrode  line  commonly  occupy  the  upper 
digit  address. 

Fig.  20  shows  a  memory  device  in  which  the  decoder  is  divided  into  an  emitter  electrode  line 
decoder/driver  circuit  and  a  word  line  decoder/driver  circuit  and  a  shift  register  circuit  is  provided  in  the 
emitter  electrode  line  decoder/driver  circuit.  When  the  refresh  operation  is  started  in  this  memory  device, 

55  continuous  addresses  are  output  from  the  shift  register  circuit  to  the  emitter  electrode  line  decoder/driver 
circuit  at  a  high  speed.  In  this  way,  an  emitter  electrode  line  is  selected  at  a  high  speed  by  means  of  the 
emitter  electrode  line  decoder/driver  circuit  with  the  word  line  kept  in  the  non-selected  state  so  as  to  effect 
the  refresh  operation  of  the  memory  cell. 
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Next,  the  refresh  operation  of  a  semiconductor  memory  device  according  to  another  embodiment  is 
explained. 

Unlike  the  refresh  operation  of  the  DRAM,  the  refresh  operation  in  this  embodiment  is  can  be  effected 
with  the  word  line  kept  in  the  non-selected  state  by  use  of  the  self-amplification  function  which  each  of  the 

5  memory  cells  has.  That  is,  in  the  refresh  operation,  the  emitter  potential  is  changed  to  bias  the  base-emitter 
PN  junction  of  the  bipolar  transistor  of  the  memory  cell  in  the  forward  direction  so  as  to  charge  or  discharge 
the  base  which  is  the  data  storage  node  according  to  a  positive  or  negative  current  caused  by  variation  in 
the  emitter  potential,  thereby  setting  the  base  potential  back  to  the  potential  level  set  in  the  data  write-in 
operation. 

w  Further,  unlike  the  DRAM,  it  is  not  necessary  to  provide  dead  time  (inhibition  time)  in  which  the 
operation  of  writing  data  into  the  semiconductor  memory  device  for  the  refresh  operation  and  the  operation 
of  reading  out  data  from  the  semiconductor  memory  device  cannot  be  effected.  That  is,  the  refresh 
operation  can  be  effected  independently  from  the  normal  write-in  and  readout  operations.  As  a  result,  the 
user  can  use  the  semiconductor  memory  device  in  the  same  manner  as  an  SRAM  in  which  dead  time  for 

75  the  refresh  operation  is  not  necessary. 
Fig.  21  shows  a  semiconductor  memory  device  in  which  the  above  refresh  operation  is  effected.  In  this 

example,  a  semiconductor  memory  device  1  05  is  divided  into  a  plurality  of  memory  sub-arrays  with  respect 
to  emitter  electrode  lines.  A  clock  <t>  output  in  a  preset  cycle  from  a  time  constant  circuit  106  is  supplied  to 
an  address  counter  circuit  107.  In  response  to  the  clock  <j>,  the  address  counter  circuit  107  supplies  plural- 

20  bit  addresses  AO  to  A3  to  an  emitter  electrode  line  decoder/driver  circuit  108  which  in  turn  successively 
selects  emitter  electrode  lines  VE00  to  VE33  in  a  preset  cycle.  The  selection  timings  and  binary  information 
are  shown  in  Figs.  22A  and  22B.  As  is  clearly  seen  from  the  timing  chart,  when  the  emitter  electrode  lines 
VE00,  VE01  ,  —  ,  VE33  are  sequentially  set  to  the  "H  (high)"  level  to  "L  (low)"  level,  the  memory  sub-arrays 
00,  01  ,  02,  —  ,  33  are  sequentially  refreshed  in  the  "L"  period  of  corresponding  emitter  electrode  lines. 

25  In  the  above  example,  since  the  whole  memory  array  is  divided  into  16  memory  sub-arrays,  a  through 
current  flowing  in  the  collector-emitter  paths  of  the  bipolar  transistors  of  all  the  memory  cells  in  the  refresh 
operation  becomes  1/16  of  that  flowing  when  the  whole  memory  array  is  simultaneously  refreshed.  For 
example,  assume  that  a  1-Mbit  semiconductor  memory  device  is  constructed  by  using  the  above  memory 
cells  and  data  "1"  is  stored  as  memory  data  in  all  the  memory  cells.  In  this  case,  if  a  through  current 

30  flowing  in  the  collector-emitter  path  at  the  time  of  holding  data  "1"  in  the  memory  cell  is  2.5  nA/cell,  a 
through  current  of  2.5  A  will  flow  in  the  refresh  operation  when  all  the  memory  cells  are  simultaneously 
refreshed.  However,  when  the  whole  memory  array  is  divided  into  16  sub-arrays,  the  through  current 
becomes  1/16  of  2.5  A  or  156  mA.  The  through  current  in  the  refresh  operation  is  reduced  as  the  number  of 
the  divided  memory  sub-arrays  increases.  However,  the  average  through  current  in  the  stand-by  mode  (or 

35  waiting  mode)  of  the  semiconductor  memory  device  is  mainly  determined  by  an  average  through  current 
flowing  in  the  collector-emitter  paths  of  the  bipolar  transistors  of  the  memory  cells,  the  collector-emitter 
through  current  is  determined  by  the  duty  ratio  in  the  emitter  clocking  operation  as  described  before,  and 
the  average  through  current  is  reduced  to  a  value  obtained  by  multiplying  the  duty  ratio  by  a  through 
current  flowing  when  the  emitter  clocking  operation  is  not  effected. 

40  Figs.  23  and  24  show  a  concrete  core  circuit  in  which  emitter  electrode  lines  and  word  lines  are 
arranged  in  parallel.  In  this  circuit,  the  emitter  electrode  lines  are  independently  selected  in  the  readout 
operation  and  in  the  refresh  operation.  Therefore,  the  logical  sum  (OR)  of  a  row  address  input  from  the 
exterior  of  the  chip  in  a  random  fashion  and  an  internal  address  output  from  the  address  counter  for  the 
refresh  operation  is  derived,  and  the  address  of  the  thus  derived  logical  sum  is  input  to  the  emitter 

45  electrode  decoder  circuit.  In  this  system,  the  emitter  electrode  lines  commonly  used  in  the  refresh  operation 
and  readout  operation  can  be  simultaneously  selected.  When  the  semiconductor  memory  device  of  this 
invention  is  set  in  the  same  manner  as  the  conventional  DRAM,  this  embodiment  can  attain  the  required 
effect. 

Next,  another  embodiment  concerning  the  embodiment  of  Fig.  23  is  explained  with  reference  to  Fig.  25. 
so  According  to  this  embodiment,  a  clock  signal  </>  output  from  a  time  constant  circuit  1  20  in  a  preset  cycle 

is  input  to  an  emitter  potential  driver  circuit  121.  The  emitter  potential  driver  circuit  121  changes  the  emitter 
potential  in  response  to  the  clock  signal  <#>.  The  timings  set  at  this  time  are  shown  in  Fig.  26.  According  to 
the  timing  chart,  the  base-emitter  PN  junction  of  a  bipolar  transistor  of  the  memory  cell  is  biased  in  the 
forward  direction  in  a  period  t1  and  the  potential  of  the  base  which  is  the  data  storage  node  is  refreshed. 

55  The  base-emitter  PN  junction  is  biased  in  the  reverse  direction  in  a  period  t2  and  the  base  node  is  set  into 
the  electrically  floating  condition.  At  this  timing,  the  ratio  of  the  period  t1  to  the  entire  period,  that  is, 
t1/(t1  +t2)  is  called  the  duty  ratio  of  the  memory  cell. 

The  average  through  current  flowing  in  the  collector-emitter  path  of  a  bipolar  transistor  of  the  memory 
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cell  is  reduced  to  a  value  obtained  by  multiplying  the  duty  ratio  by  a  through  current  flowing  when  the 
emitter  clocking  operation  is  not  effected.  For  example,  when  the  duty  ratio  is  1/100,  the  average  through 
current  flowing  in  the  collector-emitter  path  of  the  bipolar  transistor  is  reduced  to  1/100  of  that  flowing  in  a 
case  wherein  the  emitter  clocking  operation  is  not  effected.  The  duty  ratio  is  determined  by  the  pause  time 

5  (data  holding  time)  of  the  memory  cell  which  is  set  in  the  electrically  floating  state. 
Fig.  27  shows  a  concrete  circuit  of  the  above  memory  cell.  In  this  circuit,  when  an  NPN  transistor  is 

used  as  the  bipolar  transistor  of  the  memory  cell,  the  emitter  potential  is  set  to  the  "L  (low)"  level  in  the 
refresh  operation  and  readout  operation,  and  set  to  the  "H  (high)"  level  in  the  other  time.  This  potential 
relation  is  reversed  when  a  PNP  transistor  is  used  as  the  bipolar  transistor. 

70  According  to  this  invention,  a  DRAM  constructed  by  using  the  reverse  base  current  characteristic  of  the 
bipolar  transistor  can  be  provided  based  on  a  new  concept.  That  is,  the  bipolar  transistor  is  activated  in  the 
readout  mode  and  the  DRAM  cell  is  operated  as  a  gain  cell  by  the  reverse  base  current.  Since  the  DRAM 
cell  is  operated  as  a  gain  cell,  it  becomes  different  from  the  destructive  readout  type  cell  of  the 
conventional  DRAM,  and  the  ratio  Cb/Cs  of  the  bit  line  capacitance  Cb  to  the  memory  cell  capacitance  Cs 

75  can  be  set  larger  than  in  the  conventional  case.  That  is,  the  number  of  memory  cells  which  can  be 
connected  to  one  bit  line  can  be  increased  in  comparison  with  the  conventional  case. 

Therefore,  the  array  of  high-density  DRAM  can  be  efficiently  designed,  the  number  of  sense  amplifiers 
can  be  reduced,  and  the  chip  area  can  be  reduced. 

Further,  unlike  the  conventional  DRAM,  the  sense  amplifier  is  not  operated  by  selecting  the  word  line  in 
20  the  refresh  mode,  and  according  to  this  invention,  the  refresh  operation  can  be  completed  simply  by 

controlling  the  emitter  potential  irrespective  of  the  selection/non-selection  of  the  word  line.  Therefore,  unlike 
the  conventional  DRAM,  dead  time  for  the  refresh  operation  is  not  necessary  and  access  to  the  memory 
cell  can  be  made  in  a  random  fashion  so  that  the  user  can  use  the  semiconductor  memory  device  of  this 
invention  in  the  same  manner  as  an  SRAM. 

25  The  average  through  current  flowing  in  the  collector-emitter  path  and  contained  in  the  average  current 
flowing  in  the  semiconductor  memory  device  can  be  reduced  to  a  value  multiplied  by  the  duty  ratio,  and 
thus  the  entire  average  current  can  be  significantly  reduced.  Further,  the  memory  cell  array  is  divided  into  a 
plurality  of  sub-arrays  and  the  refresh  operation  is  sequentially  effected  for  each  sub-array  so  that  the 
average  through  current  flowing  in  the  collector-emitter  path  in  the  refresh  operation  can  be  significantly 

30  reduced  as  the  number  of  divided  sub-arrays  increases. 

Claims 

35  1.  A  semiconductor  memory  device  characterized  by  comprising: 
a  plurality  of  word  lines  (WL1  -  WLN); 
a  plurality  of  bit  lines  (BL1  -  BLM); 
an  array  of  memory  cells  (M/c)  each  including  a  bipolar  transistor  (Q2)  which  has  a  base,  an  emitter  and  a 
collector  and  whose  collector-emitter  voltage  is  controlled  to  change  the  polarity  of  a  base  current  as  the 

40  base-emitter  voltage  is  increased  and  a  switching  transistor  (Q1)  connected  between  the  base  of  said 
bipolar  transistor  and  a  corresponding  one  of  said  bit  lines  and  controlled  by  means  of  said  word  line;  and 
voltage-variable  means  (102,  108)  for  varying  the  emitter  voltage  of  a  memory  cell  selected  by  said  word 
line  to  have  the  collector-emitter  voltage  higher  in  the  memory  cell  data  readout  operation  than  in  a  case 
wherein  the  memory  cell  is  not  selected. 

45  2.  A  semiconductor  memory  device  according  to  claim  1,  characterized  in  that  said  voltage-variable 
means  includes  means  (VE1  ...)  for  varying  the  emitter  voltage  of  a  memory  cell  (M/c)  selected  by  said 
word  line  (WL1  -  WLN)  in  synchronism  with  selection  of  said  word  line. 

3.  A  semiconductor  memory  device  according  to  claim  1,  characterized  in  that  the  word  line  (WL)  of 
said  memory  cell  and  the  emitter  electrode  of  said  bipolar  transistor  (Q2)  are  connected  together, 

so  4.  A  semiconductor  memory  device  characterized  by  comprising: 
a  plurality  of  word  lines  (WL1  -  WLN); 
a  plurality  of  bit  lines  (BL1  -  BLM); 
an  array  of  memory  cells  (M/c)  each  including  a  bipolar  transistor  (Q2)  which  has  a  base,  an  emitter  and  a 
collector  and  whose  collector-emitter  voltage  is  controlled  to  change  the  polarity  of  a  base  current  as  the 

55  base-emitter  voltage  is  increased  and  a  switching  transistor  (Q1)  connected  between  the  base  of  said 
bipolar  transistor  and  a  corresponding  one  of  said  bit  lines  and  controlled  by  means  of  said  word  line; 
voltage-variable  means  (102,  108)  for  varying  the  emitter  voltage  of  a  memory  cell  selected  by  said  word 
line  to  have  the  collector-emitter  voltage  higher  in  the  memory  cell  data  readout  operation  than  in  a  case 
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wherein  the  memory  cell  is  not  selected;  and 
a  plurality  of  emitter  electrode  lines  (VE1  -  VEN)  arranged  in  parallel  with  said  word  lines  and  selected  by 
an  address  in  the  same  manner  as  said  word  lines. 

5.  A  semiconductor  memory  device  according  to  claim  4,  characterized  in  that  said  voltage-variable 
5  means  (102,  108)  includes  a  decoder  circuit  for  selecting  said  emitter  electrode  lines  and  a  driver  circuit  for 

inputting  a  signal  to  said  emitter  electrode  lines. 
6.  A  semiconductor  memory  device  according  to  claim  4,  characterized  in  that  the  refresh  operation  is 

completed  with  all  of  said  word  lines  kept  in  the  non-selected  state  in  the  refresh  operation  of  said  memory 
cell. 

w  7.  A  semiconductor  memory  device  according  to  claim  4,  characterized  in  that  the  number  of  the 
emitter  electrode  lines  selected  in  the  refresh  operation  is  larger  than  the  number  of  the  emitter  electrode 
lines  (VE1  -  VEN)  selected  in  the  write-in  or  readout  operation  with  respect  to  said  memory  cells  (M/c). 

8.  A  semiconductor  memory  device  according  to  claim  4,  characterized  in  that  a  plurality  of  emitter 
electrode  lines  (VE1  -  VEN)  intersecting  said  bit  lines  (BL1  -  BLM)  are  selected  in  the  refresh  operation  to 

15  simultaneously  effect  the  refresh  operation. 
9.  A  semiconductor  memory  device  according  to  claim  4,  characterized  in  that  said  word  lines  (WL1  - 

WLN)  are  formed  of  first-layered  poiysilicon  electrode  lines  and  said  emitter  electrode  lines  (VE1  -  VEN)  are 
formed  of  second-layered  poiysilicon  electrodes  (36). 

10.  A  semiconductor  memory  device  characterized  by  comprising: 
20  a  plurality  of  word  lines  (WL1  -  WLN); 

a  plurality  of  bit  lines  (BL1  -  BLM); 
a  memory  cell  array  including  a  plurality  of  memory  cells  (M/c)  arranged  in  a  matrix  form  and  each 
including  a  bipolar  transistor  (Q2)  which  has  a  base,  an  emitter  and  a  collector  and  whose  collector-emitter 
voltage  is  controlled  to  change  the  polarity  of  a  base  current  as  the  base-emitter  voltage  is  increased  and  a 

25  switching  transistor  (Q1)  connected  between  the  base  of  said  bipolar  transistor  and  a  corresponding  one  of 
said  bit  lines  and  controlled  by  means  of  said  word  line; 
voltage-variable  means  (102,  108)  for  varying  the  emitter  voltage  of  each  memory  cell  so  as  to  set  the  PN 
junction  between  the  base  and  emitter  of  said  bipolar  transistor  into  the  forward  bias  state  for  a  preset 
period  of  time  at  least  once  in  a  predetermined  cycle  irrespective  whether  said  word  lines  are  selected  or 

30  non-selected;  and 
a  plurality  of  emitter  electrode  lines  (VE1  -  VEN)  selected  by  an  address  in  the  same  manner  as  said  word 
lines. 

11.  A  semiconductor  memory  device  according  to  claim  10,  characterized  by  further  including  means 
for  writing  data  into  said  memory  ceils  in  said  memory  cell  array  and  refreshing  said  memory  cells. 

35  12.  A  semiconductor  memory  device  according  to  claim  10,  characterized  in  that  said  memory  cell 
array  is  divided  into  a  plurality  of  sub-arrays,  all  the  emitters  of  the  bipolar  transistors  of  the  memory  cells 
(M/c)  in  each  of  said  sub-arrays  are  commonly  connected  to  a  corresponding  one  of  said  emitter  electrode 
lines  (VE00  -  VE33),  and  which  further  includes  means  (108)  provided  for  each  emitter  electrode  line,  for 
refreshing  said  sub-arrays  in  a  preset  cycle. 

40  13.  A  semiconductor  memory  device  according  to  claim  10,  characterized  in  that  said  semiconductor 
memory  device  is  formed  on  a  semiconductor  chip  having  address  generation  means  for  generating  an 
internal  address,  and  said  emitter  electrode  lines  (VE1  -  VEN)  are  arranged  in  parallel  with  said  word  lines 
(WL1  -WLN),  and  which  includes  means  for  selecting  only  said  emitter  electrode  lines  according  to  the 
address  generated  from  said  address  generation  means  of  said  chip  in  the  data  readout  operation. 

45  14.  A  semiconductor  memory  device  according  to  claim  13,  characterized  in  that  said  address 
generation  means  of  said  chip  includes  a  time  constant  circuit  provided  in  said  chip;  and  an  address 
counter  circuit  or  a  shift  register  circuit  for  receiving  a  clock  pulse  output  from  said  time  constant  circuit  at  a 
regular  interval. 

15.  A  semiconductor  memory  device  according  to  claim  13,  characterized  by  further  comprising  means 
so  for  selecting  the  same  emitter  electrode  lines  (VE1  -  VEN)  at  the  same  time  according  to  the  internal 

address  and  the  external  address  so  as  to  effect  the  refresh  operation  and  the  readout/write-in  operation 
independently  from  each  other. 

16.  A  semiconductor  memory  device  characterized  by  comprising: 
a  plurality  of  word  lines  (WL1  -  WLN); 

55  a  plurality  of  bit  lines  (BL1  -  BLM); 
a  memory  cell  array  including  a  plurality  of  memory  cells  (M/c)  arranged  in  a  matrix  form  and  each 
including  a  bipolar  transistor  (Q3)  which  has  a  base,  an  emitter  and  a  collector  and  whose  collector-emitter 
voltage  is  controlled  to  change  the  polarity  of  a  base  current  as  the  base-emitter  voltage  is  increased  and  a 

12 
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switching  transistor  (Q1)  connected  between  the  base  of  said  bipolar  transistor  and  a  corresponding  one  of 
said  bit  lines  and  controlled  by  means  of  said  word  line;  and 
voltage-variable  means  for  varying  the  emitter  voltage  of  each  memory  cell  so  as  to  set  the  PN  junction 
between  the  base  and  emitter  of  said  bipolar  transistor  into  the  forward  bias  state  for  a  preset  period  of  time 

5  at  least  once  in  a  predetermined  cycle. 
17.  A  semiconductor  memory  device  according  to  claim  16,  characterized  in  that  said  voltage-variable 

means  includes  means  for  refreshing  said  memory  cells  (M/c)  by  setting  the  PN  junction  between  the  base 
and  emitter  of  said  bipolar  transistor  into  the  forward  bias  state  for  a  preset  period  of  time  at  least  once  in  a 
predetermined  cycle. 

to  18.  A  semiconductor  memory  device  according  to  claim  17,  characterized  in  that  said  semiconductor 
memory  device  is  formed  on  a  semiconductor  chip  having  a  timer  circuit,  the  refresh  operation  is  effected 
independently  from  the  write-in  and  readout  operation  of  said  memory  cell,  and  the  PN  junction  between 
the  base  and  emitter  of  said  bipolar  transistor  (Q2)  is  biased  in  a  forward  direction  by  a  clock  pulse 
generated  once  in  a  preset  cycle  from  the  internal  timer  circuit  of  said  chip. 

75  19.  A  semiconductor  memory  device  according  to  claim  17,  characterized  by  further  comprising  means 
for  simultaneously  refreshing  a  plurality  of  memory  cells  or  all  of  said  memory  cells  (M/c). 

20.  A  semiconductor  memory  device  according  to  claim  16,  characterized  by  further  comprising  means 
for  setting  said  base-emitter  path  into  a  non-conductive  state  while  data  is  being  held. 

13 
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